1 Current address: College of Public Health, Medical and Veterinary Sciences, James Cook University, Townsville, QLD 4814, Australia  The prevalence of C. pecorum in trimmed abnormal joints was determined by qPCR. 23  Nine of 148 synovial samples tested positive for C. pecorum (prevalence 6.1%). 24  None of the positive carcases were condemned for systemic involvement. 25  The arthritis trim weight of positive and negative carcases did not differ. 26 27 Abstract 28
29
Chlamydiae are obligate intracellular bacteria that infect a broad range of host species, 30 including sheep. Two species of Chlamydia infect sheep, C. abortus, which is a major cause 31 of abortion in both sheep and goats, and C. pecorum, which causes pneumonia, arthritis/ 32 polyarthritis, encephalomyelitis, conjunctivitis, enteritis, abortion and metritis and infertility 33 in domestic ruminants and pigs. The prevalence of faecal shedding of C. pecorum is 34 relatively common amongst lambs in Australia. The aim of the work presented here was to 35 use qPCR to determine the prevalence of C. pecorum in synovial samples obtained from 36 abnormal joints trimmed from lamb carcases at one abattoir in southern Australia. The study 37 included 53,131 carcases screened for arthritis, of which 369 had at least one abnormal joint 38 trimmed. One hundred and forty eight trimmed joints were undamaged and suitable for PCR 39 testing. The prevalence of C. pecorum in synovial tissue collected from the abnormal joints 40 was 6.1% and the bacterial concentration ranged from 6 x 10 3 to 7.6 x 10 5 /g of synovial 41
tissue. Five of the positive joint samples were from carcases that had one joint trimmed for 42 arthritis and four were from carcases from which two joints had been trimmed. None of the 43 carcases from which the positive joint samples originated were condemned. The average 44 arthritis trim weight of the carcases from which synovial tissue tested positive for C. pecorum 45 was 1.112 kg (95% confidence interval 0.637-1.586 kg) and this did not differ from the 46 carcases from which synovial tissue was not positive for C. pecorum. (mean 0.997 kg, 95% 47
Introduction 55
Chlamydiae are obligate intracellular bacteria that infect a broad range of host species, 56 including sheep. Two species of Chlamydia have principally been reported to infect sheep, C. 57 abortus which is a major cause of abortion in both sheep and goats, and C. pecorum, which 58 causes pneumonia, arthritis/polyarthritis, encephalomyelitis, conjunctivitis, enteritis, abortion 59 and metritis and infertility in domestic ruminants and pigs (Everett, 2000 to be the most common cause of bacterial arthritis/polyarthritis in lambs (Craig et al., 2015) , 74 and previous surveys of Australian slaughter lambs are generally in agreement with this 75 belief (Lloyd et al., 2016; Paton et al., 2003) . However, the previous microbiological surveys 76 of bacterial joint infections in Australian lambs have used traditional bacterial culture 77 techniques that would not have detected C. pecorum. Despite this, arthritis/polyarthritis due 78 to C. pecorum is known to occur in Australia, and has been reported from 13-month old rams 79 in Queensland (Tammemagi and Simmons, 1968 ) and from 3-6 month old lambs on the 80 Central Tablelands of New South Wales (Jelocnik et al., 2014; Robson, 2003; Robson, 2004 rhusiopathiae, alone or in combination, was the bacterial species isolated most frequently 102 isolated (28 of 175 joints tested, prevalence 16%), followed by Streptococcus spp. (9 of 175 103 joints tested, prevalence 5.1%), as well as a range of bacteria that constitute the normal skin 104 flora of sheep. The aim of the work presented here was to use qPCR to determine the 105 prevalence of C. pecorum in synovial samples in a subset of the trimmed abnormal ovine 106 joints collected as part of the previously reported work. In addition, histopathology and 107 immunohistochemistry were used to assess the associated pathology in joint samples that 108 tested positive for C. pecorum. 109 110
Materials and Methods 111

Collection of arthritic joint samples 112
Arthritic joint samples were collected from ovine carcases at an abattoir in southern Australia 113 that processes animals from New South Wales, Queensland, South Australia and Victoria as 114 described previously (Lloyd et al., 2016) . The number of carcases examined, the number with 115 arthritis and the number sampled, as well as regional source, age and breed of the animals, is 116 provided in Table 1 Meat and Meat Products for Human Consumption (Anon, 2002) . The arthritic joints were not 125 opened during inspection; however, some joints had been damaged during processing prior to 126 inspection. Following trimming of affected joints by the meat inspectors, the joints were 127 Escherichia coli competent cells. Plasmid copy number was calculated based on the plasmid 190 size (base pairs) and DNA concentration. 10-fold series dilutions of plasmids were 191 conducted from 10,000 copies down to 1 copy of the genomic template for sensitivity testing. 192
The limit of quantitation (LOQ) for this qPCR assay was 8 gene copies per µl of DNA (Yang 193 et al., 2014) . Template copy numbers were converted to numbers of organism present on the 194 basis that the targeted gene (OmpA) is a single copy gene (Lan and Igo, 1998) 
Prevalence of C. pecorum 233
Nine of the 148 synovial samples were positive for C. pecorum (prevalence 6.1%). Two of 234 the positive samples were from carcases sourced from New South Wales, three were from 235 carcases sourced from Victoria and four were from carcases sourced from South Australia 236 (Table 2 ). The prevalence of infection was too low to determine if there were associations 237 between infection and source of the carcases or the breed or age of the lambs. 238
239
Five of the positive joint samples were from carcases that had one joint trimmed for arthritis 240 and four were from carcases from which two joints had been trimmed. The most common 241 joint trimmed was the tarsus followed by the stifle and carpus. None of the carcases from 242 which the positive joint samples originated were condemned. There was no significant 243 difference in the trim weight of the carcases from which synovial tissue tested positive for C. 244 negative 0.997 kg, 95% confidence interval 0.840-1.154 kg). 246 247
Histopathological changes 248
The majority of the q-PCR positive joint samples had no evidence of synovial proliferation 249 (Table 3) . One sample had minimal synovial proliferation and two had mild proliferation. 250
Inflammatory infiltrates ranged from nil to marked and were predominantly plasmacytic or 251 lymphoplasmacytic, although in some samples there was a significant component of 252 neutrophilic infiltration. Total histopathology scores ranged from zero to eight (Table 3) . thought to be normally invasive in sheep (Clarkson and Philips, 1997; Philips and Clarkson, 302 1998; St George, 1971 ). More recently it has been realized that many Chlamydia spp., 303 including C. pecorum, exist in an asymptomatic state within the gastrointestinal tract of the 304 host (Everett, 2000) , with the potential for persistent shedding, reinfection or recrudescence 305 into systemic infection (Rank and Yeruva, 2014; Walker et al., 2015) .In addition, there is 306 evidence to suggest that only some strains of C. pecorum cause clinical disease in sheep 307 (Jelocnik et al., 2014) . Chlamydiae can only be isolated from affected joints of lambs for 3-21 308 days after parenteral infection, despite inflammatory changes persisting for up to 56 days 309 (Storz and Spears, 1979) , which could also explain the lower than expected prevalence rate. 310
The subclinical impact of latent infections, at least in cattle, has also been recognized 311 (Reinhold et al., 2008) . The qPCR method we used had low analytical sensitivity, with a LOQ of just 8 gene copies 342 per µl of DNA. However, in the absence of an accepted gold standard for the diagnosis of C. 343 pecorum infection in sheep, it is difficult to determine the sensitivity of the qPCR method. 344 diagnostic laboratories and less sensitive than PCR, and many C. pecorum strains are difficult 346 to grow (Degraves et al., 2003; Longbottom, 2004; Timms, 2009 ). Because of this, it was not 347 possible to determine the negative predictive value of the qPCR method we used. In contrast, 348 the high analytical specificity of the C. pecorum qPCR method we used has been described 349 previously (Pantchev et al., 2010; Yang et al., 2014 ).In the current study we did not observe and kidney, and a secondary wave of more widespread bacteraemia that may involve the 366 synovia (Craig et al., 2015) . This method of systemic spread is consistent with our choice of 367 synovial tissue samples for detecting C. pecorum in abnormal joints, rather than synovial 368 fluid as would be sampled in a live animal. The mixed inflammatory responses seen in these 369 joints suggests an initial acute suppurative and fibrinous inflammatory response to 370 chlamydial synovial invasion, followed by a predominantly lymphocytic-plasmacytic cell 371 infiltrate when the infection became more subacute, as described by Storz and Spear (1979) . 372
On immunohistochemistry we observed C. pecorum peri-vascularly, as well as associated 373 with hypertrophied synovium, neutrophils and within lymphocytic-plasmacytic infiltrates, 374 consistent with haematogenous spread of the organism and the inflammatory responses 375 within the joints. 376 377
Conclusions 378
This study has revealed 6.1% prevalence of C. pecorum in 148 abnormal joints trimmed from 379 lamb carcases at one abattoir in southern Australia. The average arthritis trim weight of the 380 carcases from which synovial tissue tested positive for C. pecorum was 1.112 kg (95% 381 confidence interval 0.637-1.586 kg) and this did not differ from the carcases from which 382 synovial tissue was not positive for C. pecorum. None of the carcases from which the 383 positive joint samples originated were. Further studies are required to determine the on-farm 384 production losses associated with C. pecorum infection in Australian lambs. 385 386
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Meat & Livestock Australia (MLA) Limited, who had no influence on study design, data 389 evaluation or manuscript preparation. None of the authors had financial or personal 390 relationships that could inappropriately influence or bias the content of this paper. Female, castrate or entire male ovine that has zero permanent incisor teeth and no evidence 416 of eruption of permanent upper molar teeth 2 417 c Female, castrate or entire male ovine that has zero permanent incisor teeth 418 Table 2 . Number of joints trimmed for arthritis that were positive for Chlamydia pecorum as 419 determined by qPCR by regional source, age and breed of the animals 420
Regional Positive a Total score for synovial proliferation and inflammatory infiltrate, with synovial proliferation 425 and inflammatory infiltrate allocated to seven categories (nil, minimal, mild, mild to 426 moderate, moderate, moderate to marked or marked) which was converted to a numerical 427 score, with nil equal to zero and marked equal to six. 428
